A YEAST MODEL FOR AJWYLOJDGGENIC PROTSIN TOXICITY 

Field of the Invention 

The present invention relates to a yeast mode!, and the use thereof for 
5 pharmaceutical screening, for modelling of neurodegenerative diseases and for 
cellular modelling of biochemistry of the amyloidoaenic proteins involved 
therein. 

Background of the invention 

!<'• Sporadic age-related neurodegenerative disorders are characterised by 

an abnormal high incidence of neuronal cell loss which ; depending on the 
location in the bmn afflicted, leads to memory loss and/or motoric and cognitive 
dysfunction. Aberrant aggregation of specific, proteins ;';nfra- or extra-cellular} is 
a common pathological hallmark of suets diseases For instance, brains from 

r> patienis with Alzheimer's disease contain extra-neurona; plaques composed of 
deta* amyloid, and intracellular aggregates composed of another protein called 
tau. likewise. Parkinson's disease and Lewy Cody disease are characterised by 
intracellular precipitates and inclusions of aipha-synuclesn ('Taylor of a/. (2002) 
Prc*e NsilAced Sc> USA §2- 's 3972-4). 

>u The underlying molecular mechanism responsible for development of 

thesa proteinaceous fibrils is largely unknown: but in many oases metal sons 
^among others trlogers and risk factors) seem to play an important role. 

A current hypothesis assumes that ins prots;n aggregates or the 

"r- amyioic inclusions appear to promote neurons! dysfunction and oxidative 
strsss. Other studies indlcstsd that soluble oligomers of amyioidogsnic proteins 
thai are formed during the first steps of the aggregation procsss eppeat 
cytotoxic raiher than the rnsoiubie Inclusions themselves This prompted the 
suggestion that cytotoxicity exerted by various amyloidogenic proteins relates to 

30 a common mechanism. Protein aggregation is considered as a muitlsiep 
complex presumably initiated cy partial unfoichng of amyioid-fonriing proresns 
vvivch then funhcr leads to ins formation of oligomers and uHimalely large 



aggregates Risk factors (such as metal ions ageing, -nutations tn the 
respective genes. .} may promote unfolding and consequently fiortf formation of 
amyioidogenjc proE-3-ns 

Accumulation of unfolded proteins in the cell elicits a response aimed to 
'• remove these proteins indeed proteins in Ateneirrier's disease (amyloid 
plaques). Parkinson's disease and Lewy bodies disease are ubiqu;t>nated t 
presumably a? part of a cellular defence mechanism to clear these denatured 
protein? \m pro-easome- mediated degradation. However, the protein inclusions 
are resistant to proteasomai protein degradation perhaps because the 

to aggregates themselves inhibit the profeasomai machinery ('Miller et ai (2003), 
Trends Pharmacol Sci 24,18-23. Snyder era/ {2003V J Bio! Chem 278.1 1753- 
u) Interestingly ;n this context many neurcdeganenaiion-assoaared gene 
products are also a substrate for casoases. a group of proteases involved in the 
execution of apopiosis (Bredesen ( 1 999} New a; scores \Prom&ga) IV, 3-6 V>. At 

I? present the physiological relevance of caspase-mediated processing remains 
esussve. 

Parkinson's disease ?s characterised bv the selective loss of 
dopaminergic neurons in the aaasta^a «/o/a. leading to dopaminergic deficits 
arid motoric problems (&tseee-Col;ier zt ai :200?V Fioe n^e;/ sceo' Sci USA 

?.0 SS\ 13972- J 397*1). inclusions of alpha- synuolesn in substantia nigra neurons are 
a. major pe-noiogical hallmark arid play an essential role sn the etiology of the 
disease Several studies have shown -hat oxidative stress promotes the 
formanon of to>;ie aooraos*-?? of eiphe-synucl?in. iron, s redox aeiive m$*ai. also 
promote- aggregate formation through eomp!s\-r>ion w-ih elphs-synoeirin fibnls 

;> (Bush (2000). Cusr Of>hi Cham Stol < i64~i : n O^rera-Goiis. ol^d shove) ir- 
csil? of ths subsisrv-is nigra bo*h risk^eiers ar; eombinsb, sin-:; >oese neuron? 
are enriched for iron end cousin rsleih'Sly high levels of radical-forming ?g?nts 
due to dopamine rneteboiism Thss combination ol r;sk factors might explain the 
selective degeneration of substantia nigra cells observed in Parkinson's disease 

.><> sSteace-Coilier. cited above). 

The moiacuiar mechanism of tha cytoto^ieiiv of alpha -svnuclain fiDriis 
remains, elosr^e. alphe-synudvin fibrils might interfere wish or inhibif 
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professorial activity and tnerebv attecl cell Integrity. Alternatively the 
agg-egates themselves may generate ovsdafcvs stress a process rn which the 
completed iron could piay a pivotas role (Tumbull ei a!,, cited above) The 
recent observation thai the MPTP tJ-methyM-phsnyl- l.<?.o 6-tet?shydro~ 
pyndin*: induced loss of dop&rnsnergsc neurons sn wile type mice iivlPTP elseits 
an acute intracellular oxidative stress; is suppressed in alpha-synudasn null 
msee dramatically demonstrate!? the- key vole of alpha-synudein sn the etiology ot 
Parkinson's disease (Dausr ef 3/. {2002) Proc Natl Acad So* USA 99. 14524- 
145291 

Different types of animal models have been developed for the study of 
neurodegenerative diseases, based on either transgenic toxin-induced 
approaches Art animal model for Parkinson's disease has been developed -n 
msce arsd rats by in-eeting viral vector? encoding wild type or Ciir-lcal mutants of 
alpha ■synueiein into the substantia r.sgra of ihese an-mals (Kir IK el &i (2003) 
&NAS 100. 2884~28£9) The resuming overexprasson of alpna synuriein results 
;n fioie-dependffnf neurologic?'! ch?ng?s reminiscent of Le\<v'v pathology and c* n 
be used for the screening of potential therapeutics. Ti -ough these models are -;n 
most cases capable of repeating most of its cisnscal and pathological hallmarks 
of the disease, the soberem time and inrYoSfruciura consents make sham lees 
suitable for hsoivthreughput screening The gene encoding siph?.--syriuciein has 
he-en transfer? eci into tne Qrcsopmi? me&nooester g-snorns, whereby irsnsaen?e 
file?, al?o r&capfiuiate the essential tenures of Parkinson's oiseass and has 
o??.n suggests d cs a screening ?,ss£y for drugs (Pendleton e>' a/ (2002} d 

"t£«si has proven ; o b? a good vehicle for in? ^pn???lon of human 

moiscuisr ie»«i A lot of ;nf0imei:c:i ha? be?; 1 obt?inec< in ih>s c?y on 'he 
•nter action of proteins end ON A in cellular mechanisms invoked sn normal 
processes and/or human diseases. VVrid-rype and mutant elpha-sy nuclei n have 
been expressed In yeast with the obseo. of analysing the regulation of synuclein 
misfoiding (h?tp.//yAVvv memp,purdue edu/feouity/rocbei php) Expression of 
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a poNsm? sensitive C4ern-inal truncation The use of a ivvo-hybnd screen in 
*<vds: nas node it possible to identify synphifin-i as protein interaction pawner 
o", ainha-^iRClein (Neystst etai {2002} Nvurosci Lefi 325, 119-123). 

WO 02/065136 describes the use or yeast as a mode? for screening 
5 eompounas or drug targets with therapeutic value- for disease? associated witi" 
protesn aggregation This involves the expression of arnyloidogen;c peptides -,r> 
yeas! which ;s contacted With an agent that induces toxicity in the yeast ceil. 
Examples of such toxicity inducing agents are carbon sources, metal Ions etc . 

10 Summary of the invention 

The present invention describes a yeast mode! recapitulating the 
cytotoxic effects of amyioidogenlc proteins. This model consists of yeast ceils in 
wh;ch an amyioidogen;c protein is hater ologously expressed and whereny fibuf 
formation and/or sggr^etiOii or such a protein resists in a phenotyp;c read~Oi.it 

IS including, out not limited to ceil survival, proliferation, ieporfer gerie activity or 
encymafic s^tr-ity of z. rsportsr proven 

The prevent invention provide? a yses ; model for neurodegenerative 
diseases in which the toxsc effects of amy!o;dooeriic proteins are more 
pronounced, which is aovsntageous both for the analysis oHhe mrc-n^sm or 

20 neurodegenerative diseases and the screening of potential (precursors of; 
therapeutic aoents or drug targeis for use in ihe freemen; of emyioidogenie 
neuropathies. 

The- present invention is- cased on the observation thsi expression of 
smyioidooenio protssns In wtie type v=£s5 rssoifi in srnyloid fieri; formsJion 

2S snd/or sourepeiion of *heee proie-os provldtna a ph;noiypic = c>-o^*f. Nors 
oedicuiarlv sr wss found inet expression of such protein* sn wiie type ysjsl osn 
he ^ovic a dominant nsgeir'e eriee- of :hs cmvbidogensc prc-iein? is e»idoncsd 
I rem the observation that proliferation of yeast ceils expressing *hs gene 
encoding these proteins or rrtutarn derivatives (hereof is reduced relative to 

30 control strains especially when metal ions : such as zinc ions (Zn2-i-) or Iron ions 
(Fe3+) are supplemented to the growth medium. 



This metal ion-dependent toxicity of arnyioidogenio proteins in yeast 
resembles the degeneration seen in the brains of patients of neurodegenerative 
diseases. More particularly, the metal ion-dependent toxicity of alpha-synucieio 
mimics the degeneration seen in the substantia nigra ceils m Parkinson's 
5 disease Prams since iron-stirr;uiated formation of deleterious alphe-synuciem 
fibrils appears to be mainly responsible for the loss of dopaminergic neurons 
Thus, the present invention relates 10 a yeast model for neurodegenerative 
diseases wherein the toxic expression of amvioidcgenic proteins mimics the 
neurotoxic effects in diseased brain 

10 This invention further describes expression of genes or mmigenes 

encoding arnyioidogenie proteins in a strain lacking a functions! ge^e 
responsive to oxidative stress. More particularly, a yeast strain which as a result 
of a deletion mutation lacks a functional yeast caspase gene (ycai). was found 
to display an increased sensitivity to the expression of amyloidopenic proteins. 

15 Expression of such proteins in a mutant strain such as ycai, leads to a more 
severe mhioitlon of growth compare fo wild type yeast strains the* express a 
functional easpase gene, iv'iore particularly it was found that even ;n the 
absence of metal ions in the growth medium, proliferation of a ycai strain 
expressing Wild type human emyioioogenic proteins such as wild-iype hurria.n 

20 aiphe-synuclein, is strongly reduced. This demonstrates that yeast genes 
responsive to oxidative stress, such as the gene encoding caspsse, play a role 
in the molecular mechanism mat renders smyioioogenic proteins toxic ;n yeas* 

Thus secordino to a first esoect o= inversion, ysasi e>rsin~ isc-Mug i 
25 functions! gene rsspomivs to oxidum-'s str=£*. expressing one or more 
amyioidooenlc proielns or rnu^nt derNsm'e* thereof ero. used es a moo'-l Tor 
the cytotoxicity of these arnyloidooenic proteins m memmeia. r-'ior? pixriieulerly 
yeast strains lacking a functional easpase gene, such as the mutant strains 
yca< are provided, which are particularly sensitive in the expression of 
30 amyioidogenie proteins. 

The more pronounced cy?oioxio character of amyicidogenle proteins such 
as alphe-synuclsin m ycav yesst cells e~mpersd ic wild type cslis highiv 
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facilitates high-throughput screens aimed to identify chemical compound? or 
human oONA's thai reverses, or suppresses presumed cytotoxic effects of these 
protons. Firstly, cytotoxicity can be detected with relatively low levels of fibril 
promoting reagents {such as metal ions) or possibly even without these agents. 
This results in a Sower frequency of f'aise positives in high-throughput screens 
Since hits that neutralise the effects of the fibril promoting reagents but do not 
suppress toxicity of smyioidogenio proteins as such are not identified. Secondly, 
the increased cytotoxicity of alpha- synodem results in a lerger difference in 
growth between alpba--synuclesn producing strains end control' strains (i.e. the 
growth read-out is more sensitive }. The result of thrs is a more stringent assay 
for the identification of compounds (including cDN/V$) thai modulate the toxic 
effects of amyioidogenic proteins reducing the number of false positives. On 
the other hand., as the assay is more sensitive compounds that have a more 
limited modulating effect on amyloidogenie protein toxicity, are more likely to be 
identified, resulting in less false negatives or snore true positive hits 

Thus !hs present Inversion relates to s method for identifying compounds 
that modulate the toxic effects of amy1oso ! ogan;c proteins, said method 
comprising the steps of 

a) providing an engineered yeast eire-n. comprising a transgene encoding one 
or more amyloidogenie oroie-ns or mulent'is) thereof, wherein said yeesi 
strain is cheractenced m that st lacks one or more functionei genes 
responsive to o>idauve stress. Herein ihe one or more amyloidogenie 
proteins can be encoded by e msnigene. 
b! -ck\m k c « _.ff<^ s. r*^ i'Ct-.x,: * >)\>k »i 

c) determining the phenotypc ?.fp?c? of of id compound on y~e^. 

DUt-ik^ d;,sc-sij7H<?si of she in^rHkvs 

The present invention describes a yeast model recapitulating the 
neurotoxic effects of amyioidogenic proteins. Tnis model consists of yeast ceils 
in which one or more amyioidogenlc proteins are heferoiogonsly expressed and 
whereby this expression has e ph^notypic etfect on the yeast cells, so that the 
influence o\ different compounds or group? of compound's or othsr molecules on 



the expression or the activity of the amyio;doaenic proteins on this phenotyp;c 
afreet can be assayed. In order to obtain such a phenotypie read-out the 
amy ios oogenic protein ;s expressed in a specific genehc background, consisting 
of yeas; strains carrying mutations in one or snore functional yeast genes and/or 
5 expressing one or more heterologous genes More particularly, mutations in 
genes responsive to oxidative stress were round to significantly sensitise the 
yeast io expression of amyioidogenic proteins The resulting strain is grown on 
classic madia or on specifically developed media ! including media such as, but 
not limited to. media inducing oxidative stress through the presence of metal 

10 sons, paraquat rotenone or other oxidative stressors. 

Thus, the present invention involves mutant yeast cells that display 
increased toxicity towards amyioidogenic proteins involved in 
neurodegeneration 

The term 'mode!' as used herein relates io a system which mimics at 

IS least one aspect of the process of interest. More particularly, sn the context of 
the present invention yeas* cells are provided in which ine expression of 
amyioidogenic proteins re suits ;n a phenotype- which is similar to s'het observed 
in certain cells of the brain in human end animal amyloidosis disorders. More 
partsculady. cytotoxicity profile of smyloidogenlc proteins in the yssss csiis of the 

20 invention is correlated with the nsurodegeneration caused by amyioldooenlc 
proteins in these diseases. Applications of this mode! Include, bu> ere not limited 
>o. the investigation of the factors involved the cytotoxicity of emyk-idooenic 
diseases, *he investigation inio ihe biochemistry of the amyioidoaenic proteins 
end the ; ??iinp of compounds for tossr soili'-y to imiuerK^ =h? oei-o'sd 

25 n n ^ i c'i- i ' i i <n * XN ~ < <\- 1 , hrr> -^eJc ^senn.. 

The lerm "yss,?*; estr here-n is used to mention unsc-^itulnr fungi of the 
phylum Aseomyeota thst reproduce by fission or buddlrso and ers capsble of 
fermenting carbohydrates into alcohol and carbon dioxsde. Preferably said yesst 
ceils are Saccharomyestaces or Schuossaccharomycviam, such as 

30 Saccharomyces combe, Saccharornyoes cerevisae, Candida or P&hia Ivies! 
preferably yeast ceils of the species Sscchwomycas cerevisee are used for 
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manipulation ;n accurdanee with the present invention A genetically stable 

yeast cell is also referred to as a yeast strain. 

In the context of the present invention, yeast strains 'lacking one or 

more functional genes" are yeast strains in which- one or mors genes cannot 
5 be expressed {no gene product) or which express an aberrant gene product. \ e. 

a product which is not the natural gene product Preferably according to the 

present invention, such an aberrant gene product Is a gene product which ha? 

lost It? ongi~ai function {as present m the wild-type ?lra;n) Alternatively such 

aberrant gene product ha? a reduced function (less than 50%. less than 75%. or 
10 even less than 90%) when compared to the wild type function (enzymatic 

activity, binding affinity etc ; Yea?? ceils or strains lacking one or more functional 

genes cart be the result of different factors, such as, but not limited to one or 

more mutations in the gene itself or in a gene encoding a factor (protein. RNA. 

dsRNAi which is capable of modifying the expression of said gene, a truncation 
15 i caused e.o by aberrant expression of an enzyme capable of degrading said 

p?efe;n}. ins complete absence of a gene ; the insertion of s frensposon; 

expression of ? trs,nsgene (resulting in mis sense, enilsense, -cnse express-ion? 

wh-oh modifies the expression or the aeilvlfy of the natural gene product (see 

below). 

20 A 'YmKenf veesS strain" refers lo & strain which, as a result o* either 

natural processes or mutagenesis techniques including but not limited to site- 
directed mutagenesis, contains one or more mutations {deletions, insertions 
zn&or subsiKiiions) in its genome as compared to the wild-type stnnn (used for 
its if sonomsc classification!. Pr? ; "emed embooVnvn^ of suet: mutant trains 

-.5 l*ng Cine Hi.' hi >-, ^- V -«< i'v-,--^?. r\'c > ru , n 

deisiion s^-ms comprising ens or more deletion? in one or mors penes 
rsspons-ve to oxldejlve stress, requiting in the strain leeklng one or mere 
functional genes responsive to oxidative stress a fi.incflonai gene, as used 
herein refers b a gene which ;s capable ot expressing its natural gene product. 

>0 Preferred embodiments of such deletion strains are the ycal strains, bearing 
one or more deletions far a yeast hornologue of mamiTiaiian oaspase. such as 
VC.-v; us(\co4vti by ORF: 'tORi^TW} arid see' strains, branng £ dslrhon for s 



yeast homologue of superoxide dismntase such as SODi tsodl strain) 
(encoded by ORF; YJR104C) or 3002 (soo'2 $tim?\)ifir}cadsd by ORR 
YHROOSC"! Other examples of genes which are responsive to oxjcsafcve stress 
are reviewed in Godon er a/ J. BioL Chem. 273 (1998) 22480-224SS in this 
5 comprehensive siudv many genes have been identified thai respond to H -Cb- 

A preferred example of a routanf yes? urain ;s the mutant ycal s^am 
described by Giaever et ai (2002) ;Yafr./re 418 387-381}. Alternatively, genomic 
deletions of specific genes can be made in suitable yeast strains by methods 
known in the asl such as, but not limited to : PGR product-directed gene 
10 disruption. 

The present invention relates to yeast cells which are defective for one or 
mare genes which are responsive to oxidative stress. Genes responsive to 
oxidative stress are genes which are either up- or clown-regulated at the 
transcriptional level by a factor of at least 2 as a result of oxidative stress (Gash 

15 et a! (2000), Mol Biol 11. -<1 241-4257} an«Vor of which expression of the 
gene product i?- influenced by o;<sdrr-iv's stress and/or of wNch the activity of the 
gens produc-i (e.g. encyrnelio activity) is influenced by oxidalive siress (such as 
Yes?) Typical compounds which provoke oxidative stress are for example 
hydrogen peroxide. diarnide : menadione, redox- s-ct^e metal ions (Fe >; ^ 

20 Cu""'^)! 

According to a particular esosci of the present invention yeast cells are 
manipulated 1o incorporate DrM sequences more particularly DHa sequences 
encoding ernyloidogenic proems or parts thereof. N east cells do not normally 
express human amyloibogsnic proems but ^rs espsbia of -^pressing ?uoh 

25 prafeins by intrcctociton of a DPa requeue; »ncod)no •■him under \he control of 
&p propn?-<; regoh-vry D^a. s~qu-rKe~ aH env^--^ s^bc ;k-oou- i>g>, 
sequences osn -be introduced under eomrol of expropriate reguiaiory 
sequences to obtain overexpression of endogenous genes The resorting DMA 
sequence is considered a "recombinant" DMA sequence or a "transgene". 

30 The yeast strain compdssnq the recombinant DMA stably integrated in its 
genome can be rsferred to as a recombinant yeas' strain 
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Thus, the term "trar&$gsne ,< refers to any piece of nucleic acid {DMA or 
RNA) which has been inserted into a cell (e g by transformation), and which 
may or may not be Incorporated into trie genome Preferably, the transgene 
becomes part of the genome or the organism {I e. either stably integrated or as 
5 a stable exfraenromosomal element) Such a transgene includes genes which 
are partly or entirely heterologous h.e. foreign) as wail as genes homologous to 
endogenous genes of the organism including within this definition is s 
transgene created by providing an RNA sequence which i« reverse transcribed 
into DNA and then Incorporated fnto ihe genome, or an aniisense agent or 

JO molecule Such a transgene may or may not encode a gene product and/or may 
mod-fy the expression of an endogenous gene product. The nucleic sold 
sequence may be introduced by any suitable transformation technique including 
elsctroporaison chemical transformation methods such as ihe Lrfjum Acetate 
method or other techniques Known to Ihose skilled in the art 

15 The term '^ngmBsre-d yeast" Is used herein to mention yeast celis or 

strains, he^ng e transgene of non-endogenous (i.e. heterologous; nucleic ead 
sequence- pmseni as a cxtrschromosomas element or s*aoiy Integrated Into ;;s 
germ line DMA (i.e. in tne genomic DNA). 

An "amyloidogsmc prot-strr' c-s used herein refer? k> e proi-in thet is 

20 involved in the deposition of insoluble amyloid fibres (which are also specifically 
referred to as amyloidoses) Examples of such amyioidogensc proteins include, 
but are ncM limited to huntingi'm. alpha- synuoiein. fau and beta-amyloid staxm 
SOD i. transthyretin ssrum amyioid isisi amyloid noiypsp:.ide cysiafcn-C and 
iysov.vms, More psriieulshy. ihe emyioiclog^nic proteins conismpl ;fed in ; n« 

25 <^m~^ o- A v v^rt m . pit " ~k - n\ iOi: : og:r'C ;''o:p« m^cd -n 
n^urodrgsnc n=U"e disuses, such &s £ipha-synuci?ia iau honfingtia sod be:?.- 
amyloid. 

The term "aipha-symseieiaf ! refers lo the pre-synapiio ptoie^ sviuch has 
been identified as the main component in Lewy bodies sn both inherited and 
30 sporadic Parkinsons Disease. 

The term "alphas vm*cf sin oene" refers to a nucleic acid sequence 
encoding >he alphs-'synucirin proiein. en isoform or f^nctlon^l homologus 
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thereof such as the human NACP/eipha-synusleln gene or an allelic variant or 
msnigene thereof. 

The terms "tau", "protein tau" or "iau-prmehi" refer to s specific 
(poiy)peptide or protein associated with the assembly, stability, or enhancement 
of the polymerisation of microtubules Tau protein exists tn up io 6 different 
Isoforms rn human adult bram, while only 1 isoform is oppressed in fetal brain 
but all are generated from a single gene on human chromosome* "?"' by 
alternative mRNA sphesng Tau exists in several phosphorlylated forms as 
reviewed for example in Geschwmd (2003s Neufon. 40. 457-460, 

The term "tau gene" as used heroin refers \o a nucieic acid sequence 
encoding the tau protein an isoform or functional homologue thereof, such as 
the gene encoding htsu4Q, or- an allelic variant or minigene thereof. A particular 
embodiment refers to mutated versions mimicking phosphorylated or 
on phosphorylated versions of tau. 

As used herein, the term "mfnigene" refers to a heterologous gene 
construe* wherein one more nonessential segments of a gene are deleted 
with respect to the naturally-occurring gens Typically, deleted segments ere 
inbonlc sequences of at least about 100 bssepalrs to several kdobases. and 
mev span up to sever;- ■■ tens of (biopsies or more isolation end manipulation of 
large (i.e . greater -nan about kiiobases) iergetmo constructs is frequently 
dlftiCuH and may reduce the efficiency of transferring the iarget;ng consta'd into 
a host eel' Thus, il ss frequency desirable to reduce the size of e layering 
construct bv deleting one or more nonesseniisi portion? of the gene. Typically, 
rti^'-ic ,uc^ rc no' ^ > >xs -^con*'~ - : * ~ t\t>05~ % . i s n * ^ ^ 
be dsi-sed Frequency, if ccm/eoisrrt r~?-nc\ion si'rS bouno* ? nonessenlsel 
Introruc sequence of a elonsb gens sequence, s deletion of the intronic. 
sequence may be produced by. (>■ eipesilnp the elensd t>b\ with ^be 
appropriate restriction encymes ; (2) separating the restriction fragments (e.g.. 
by electrophoresis), (3} isolating the restriction fragments encompassing the 
essentia; exons arid regulator)' elements, and ml iigatmg the isolated restriction 
fragments to form a mmipene wherssn the exons are in the same linear order as 
is present in the gsrmHne copy of the neiuraliv- oeeurnng. gene. Alt srnahc 
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me*neds :or producing b msnigene will be apparent io those of skill ;n the art 
:e e. : .ga; : on of partial genomic clones which encompass essential e>;ons but 
which lack portions of inironie sequences. Most lypiealiy : the gene segments 
comprising a rnlnigene will oe arranged in the same linear order as is present In 
5 the germisne gene, however this wHi ncJi always be the ease. Some desired 
regulatory elements (e g , enhancers, silencers) may be relatively posit ion- 
insensitive so that the regulatory element will function correctly' even if 
positioned differently ;n a minicsene then ;n the corresponding germiine gene 
For example, an enhancer may be located a* a different distance from a 

10 promoter, In a different onentation. and/or in a different linear order. For 
example sn enhancer thai ss located 3' to a promote? sn germiine configuration 
might be located 5 : to the promotsr .>n a minigene. Similarly, some genes rosy 
have axons which are alternatively spliced, at the RNA level arid thus a 
msn-gene may have fewer exons and/or axon? in e different linear order than the 

15 corresponding germiine gene and stsii encode a functional gene product A 
cDrv.'A encoding a gsne product may also be usee to construct a rmnigene. 
However, ssnce it is otfen desirable that 'he heterologous minlgene he 
expressed Similarly to the cognate naturally-occurring non-human gene 
transenpiion of s ctV?A mmigene ;yp;eeiiy i« dm<eo by a linked gene promoter 

20 and enhancer from the naturally-occurring gene. Frequently such min-gene 
may comprise e transcriptional regulatory sequence (e g , promoter end/or 
enhancer) ihet centers neuron-specific or C^S-speoific trensenphon of the 
minig?ne eiphs-synuciein encoding sequences. In a particular smoedirosn* of e 
minigens, ail imronic sequences have bes^ rsmo i 'Sd, 

2S A "iiWhiti csae^ refers >o a gene or which the asqu.?nce hss been 

altered with respect io -hs w-lo-iype gens m ! *s?m>.nei delsiloru. C larrninsi 
osletions, internal deieisons. sobsiiMions (aMhsr eriani or eh~ng;ngths s-ncodsd 
ammc acids at one or more positions, end comoinations thereof;. Thse term ss 
masniy used in the present Invention in the context of genes encoding human 

30 amyioidogenis proteins. Preferably, according to the present snvenrJon mutant 
genes refer to genes of which the coding sequence n?>s been altered with 
respect to 'me wilo4vp? human gene prssrnt in non-pcihologicei conditions m 
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human ceils. Such mutant genes can be obtained by different //? vitro (or wye) 
methods including genetic engineering or randorn or site-directed mutagenesis 
or can occur -n rsature, such as clinical mutants. The mutant proteins referred to 
herein ere the proteins encoder; Dy the respective mutant genes. The present 
invention relates, inter alia to the expression in yeast of mutant genes of 
amyloidogenic proteins such as mutant aipha-synudein genes, which are 
preferably clinical mutations of the aiphe-synueiein gene, such as. but not 
limited to A53T and A30P. In a particular embodiments mutations ere 
introduced at positions, which mimic or prevent post-transiationa! modifications 
such as phosphorylation 

A "supplement!' 5 as used herein is a compound that is added to classical 
yeast growth rnedsa According to the present invention, supplements are 
provided that affect growth of yeast cells expressing amyioidoqenic proteins 
such as those described ;n the present invention These supplements include 
but are not limited to. metal salts, such as FeCb. ZnCh and paraquat. 

A i: phervoxy»xte sff.icr as used herein relays to en effect on the yes-si 
cells Preferably this monster-no can he carried out directly, more particularly 
wifhou) moiecuiar analysis Such effects include hut are not limited to effects on 
cell survival (cytotoxic effect) end cell proitfarefion (prowtn inhibitions or 
morphology but also effects met car; be measured by reporter gene activity or 
enzymatic activity of a reporter proiein According to the preseni invention 
expression m yeast ceils, of r!mvSoldoo.emc proteins in wild-type or deletion 
rirams hcs e pedicular phenotyple eff?et on these cells. According to a 

-trains U rrn effect on ore-win. more pemcoiedy so\!e rff^r-. resuliino in 
decreed ceil proliferation end csil de?th. Ai>?;nrir»e!y. monttoung of the 
phv ' o^ ; , ). c? <\ \ r?n he osiorr icd >ndi ! ;e;- f - "nr<">ngb - o. n- i r-~r >ch- f -c 'o 
tnoreased growth. Examples of parameters related to increased growth are 
consumption of components m the medium (amino acids, carbon sources, level 
of metabolites, or reporter constructs (for instance with metabolic enzymes). 
A reporter gene construct (e.g. a nutrient marker or an enzyme-encoding gene) 
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expression is to be monilored, which is linked to a coding sequence o? which 
the expression sb easily detectable Examples of such coding sequences are 
sequences encoding an enzyme slaeZ. X--nal digested will turn blue), or nutrient 
marker (such as r//S, or LEUs. encoding Use biosynthetie enzymes necessary 
tor the production of the am^o acids histtdine end leucine, respectively), A 
reporter gene can by a transgene <;eg LacZf behind a suitable promoter The 
reporter gene can also be a endogenous yeast gene which is up- or down- 
regulated Suitable techniques lb? detecting reporter protein activity in ceils are 
known in the art 

The term "compound" is used herein to denote a chemical structure, a 
mixture of chemical structures, a peptide a biological substance such as a 
maoromoleouie, or an extract made from biological materials such as bacteria, 
plants fungi or animal (particularly mammalian) cells or tissues According to 
one aspect of the present invention, methods are provided for identifying 
compounds capable of influencing, modifying (increasing o? decreasing) the 
phenoiypic effect of she expression of errryloidopen-o proteins in ve^si The 
influence of a compound on the phenotypc effect oossr^ao in yeast cells can 
be direct, by interacting with the expressed amyioidopenie pro;e;n or can. be 
indirect, by affecting the expression of 'she emyioidogenio protein ;n ye =6 1, or by 
effeeiino inhibitors or smy.mes which themselves influence the phenotypic 
eftec* ol the. arvsyioido^enic proteins-, Aifenieti^eiy, the effect of these 
compounds may be by interacting w;th proteins or enzymes whien mediae ihe 
phenotyptc effect of ids amyioidooenie pro* em. Such compouiids include but 
not limited lo orceins or ooiypepndre ssuch ss hr»i shock proline, 
recepors, srn,vmes. upends, noci?ar or cytoplasmic protein?, ehaperones, 
hormone?., anfioens grovdh lectors, rsoulsiory promos sliuciurei proteins) 
nucleic ecids (P>b\s. rlboiymes. Di^A? or cPr^s) or chemical compounds. The 
screening of compounds from nature; or synthetic libraries is also envisaged. 
cDNA targets encoding an RNA, protein or polypeptide capable of influencing, 
modifying trie phenotypic effect of the expression of amyioidogenle proteins in 
y?e?-i can be identified sn the context of the present invention by transformation 



of a yeast strain With a eDNA Horary, and screening of the phenotype of the 
resultant yeast colonies. 

A 'screening method' as used herein refers to a method for identifying 
specific compounds, More particularly, the screening method of the present 
r Invention allows the identification of compounds based on these ability to 
modulate the toxic effect ;n yeast of the expression of arnyloidogen;c proteins 
Screening kits referred to in the present invention can comprise one or more 
components of the invention such ss but not limited to. the mutant yeast strain 
of the invention, the mutant yeast strain engineered to express one or more 

10 amyiOidogeniC prote;ns< one or more supplements and optionally reagents for 
determining said phenotypic effects : e.g. reagents for detecting the lability of 
the ceils or reagents lor detecting the activity of an enzymaiic reporter protein 

According lo the present invention, screening may be carried out as 
foHovvs; Yeast ceils of the present invention expressing the amyioidogenie 

i > protoinfs'i display a particular phenotypic effect. The yeast ceils are contacted 
vvifh a medium comprising the? compound for « specified t;rns under specified 
conditions, and the phenotypic effect of the compound on the e&h's is evf.iuased 
either by direct measurement of cell viability (e.g. by measuring growth on solid 
medium, or by CD measurement) or by defect-no tha activity of a reporter 

20 protein. 

Thus, ine present invention relates to a method for assessing the achvriy of 
candidate subslances a? modulators, more particularly inhibitors, of the 
>.yv>tc\eA oi \r: ;\r'essia^ r o> N s «>rvio<o_v*i \\t?>n« tv 

molded comprises tna slops of 
1!n p <. i \ s 1 ^ i ! s. i) v s> m< ' u ~v no; oc ire resp;>-c ^ , 

o\idsfl-e stress 

b) contacting the ysast s?rain wnh a msclium coniprlsiiig one or more Cs : nosd»ts 
compounds, as well as with a control medium 

c] comparing the growth of the yeas! strain in the presence of absence of the 
>0 one or more candidate compounds 

di de&ffninino the activity of ihe on* or more cendidaie compounds, whereby a 
change in provAh or a parameter raided >.o a ch?.-noa in growl h comps-rso' -o 
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control ;s an sndicahon of modulation of cytotoxicity by the one or more 
candidate compounds; and optionally 
e) selecting a compound which modulates, preferably inhibits, the cytotoxicity 
of the amyloidopenic protein- s: in the yeast strain. 
5 According to a specific embodiment of the present invention, the effect of e 
compound on the toxicity of arnyfoidogenie proteins on the cells can be 
determined by contacting the yeast ceils with a medium comprising a compound 
at SOX for a period of 24-48 hours. Serial dilutions of liquid precuiiurss can be 
spotted on solid media with or without the eompoundfs; followed by a 24-48h 

iO Incubation at 30'C. and determining of ceil culture density at OD«co increased 
growth rate compared to control is Indicative of a compound {or combination 
thereon wsfh a potential of reducing roxie;fy. Similarly, reduced growth is 
indicative of one or more compounds) which increase toxicity Optionally, 
supplements are also added to the medium, which may also modulate to the 

15 toxic effect of expression of amyloidogenic proteins. Yeast can also be put 
under additional sires? by physical parameters such as elevated or reduced 
temperature? or elevated pressure. Such ^penmems can be carried out on e 
la^oe scale, whereby the screening of large libraries of compounds is 
env;«aged. According to the present inversion, s mors sensri;ve screening 

20 me'hod is presented, allowing for a selective Identification of compounds 
affecting toxicity of emyloidogenlc proteins per s& (and not compcinds that 
neutralise the effect? of fibril promoi <np reagents such as met a! sons, but do not 
suopress toxicity of e;T;yioidopenic proteins}. The higher sensitivity results not 
only In ~ lower defect-son le^-si resting in less f£iss-nso=m«ss but j? 120 so 2 
snore <dringsn> e^sey, reducing the number of fslse positives, 'i'h* increase in 

m \> , -n v si n - >». ->i -v *. v. < n no t dni 
function?' pone responsive 10 oxidase stress is envisaged between 2x and 
SOx, optionally at least 5x Thus ; the present yeast model provides a sensitive 
high-throughput cost-effective screening method for the identification of 

V) compounds useful in the treatment, prevention and cure of diseases due to 
amyloid pfoiem ms^roloinp anci/or vcgregetlon 



l? 

One aspect of ine invention relates io compounds identified by ihe screening 
method of the present invention said compounds being used for the treatment, 
prevention and cure of diseases cue to amyloid protein misfoldtng and/or 
acigregation, 

5 The yeast ceils of the present invention may serve as models for diseases 
involving amyioidcc-sanse proteins -also referred to as 'protein-aggregation 
diseases'). A preferred embodiment of the present invention reiaies to yeast 
cells as models for neurodegenerative disorders in which amyloidogenic 
proteins are involved; tnese conditions include but ae not limited to Parkinson's 

10 disease. Aicheimer's Huntington's disease familial amyloid neuropathy, and 
trsnsrmssioie spongiform encephalopathies. Accordingly, the yeast calls of the 
present invention may be used for the study of such conditions and screening of 
therapeutic agents for such conditions, 

A ''fragment" of a DNA molecule or protein sequence as used herein refers 

15 to b truncated sequence o* the original (nucleic acid or amino acid> sequence 
referred to. which cen vary in length but ot which s -ftz minimum si?;e is sufficient 
to ensure the (encoded* proton to be biologically eei^e, the maximum se? not 
being critical. 

"sequence IdentHy" of t^o sequences ss used herein relets io the 
20 number of positions with identical nucleotides or ammo aesds divided by the 
number of nucleotides or amino adds in the shorter of *he sequences, when the 
two sequences are eiicmed. Preferably sa-d sequence identity is higher then 
?0%-80 U/ \ preferably 8i~85';f, more preferebly 88~?0^< especieiiy preferably 
9\-95%. mos* preferebiy 96- sOO'-b. mors spcaficsiiv is tOO/V 
25 as used hsresn ''co monetae" ;s to be -nt-rpre-ied as specifying <h? 
pre- fence of the ite-ed ieeiures, iOfsgsre stsps or compensate ?s rsferr-0 to. 
bu ! . does no* preclude Ihs prs sence or addition of on? or more r» Mures, 
integers, steps or components, or groups thereof. Thus, e.g., e nucleic acid or 
protein comprising a sequence of nucleotides or ammo acids, may comprise 
30 more nucleotides or amino acids then the- actually cited ones : i,e , be ernbedoed 
in a larger nucleic acid or protein A chimeric gene comprising e DNA sequence 



w^cn s Lroonaily or structurally defined, may comprise additional ON A 
sequences, mc. 

{triers otherwise slated, ail recombinant DNA techniques are carried out 
ceding to standard protocols as described in Sambrook &i ai. \19B9) 
>VXilecu>c f Cloning A Laboratory ManuaL Second Edition, Coid Spring Harbour 
Laboratory Press. NY and in Volumes 1 and 2 of Ausubei &i at. ( '1994) Currant 
Protocols in Molecular Biology. Current Protocols. USA. Standard materials and 
methods relating to yeast genei-cs are described in Methods in yeasi g&naiics. 
a Laboratory Course- Manual Cold Spring Harbour Laboratory Press. NY. 
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Brief description of the Figures 

The above detailed oeseripnon. given by way or example, but not 
intended to limit the invention io specific embodiments described therein may- 
be uridef stood in conjunction with the accompanying Figures incorporated 
5 5 heresn by reference, in which. 

Fa^re i: Western analyse of yessl cells expressing the human alpha- 
synuclein oe-n? and mu*ani versions thereof. 2'i2T(V) refers to diploid 
strain (VY303-1A genetic background) transformed wnh a control 
vector which doe? not contain the gene encoding -iphe-syniXiein or 
::o transformed w ; th plasmsds 2l2T-aSYN(VY"n. 2l2T-aSf N(A53T} and 

.?12T-aS^iM(A30P> bearing cONAs of human alpha-synueiein oDR\ 
or the clinical mutsms alpha-synodem (A53Ti arid aipha-synuciein 

synucieln pen? and met ant -A-rs;ons thereof on solid <;/-.:■ or liquid s£n 
medls- conte-nino FeCb The ??ms .dryns ?re u?;:d «■? described \n 
the Legend > : o Fsgura I in IB) opsn eno' bled-; hers indics-s grcwm in 
the presence of 16 mh/i ZnSO.? and 2 mlvi Fed-,, respectively. 
Figure 3: Growth characteristics of vv-id type strain YCA1 (BY4147 background) 
>0 and strain ycal, an isogenic strain deleted for the gene YCAf 

expressing human aipha-synuciein gene according to an 
embodiment of the present indention, grown on solid <A) or liquid (B) 
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media containing Fed?. 2121 and aSfN refer io strains transformed 
With a control vector and plasmid 2i;.:T-aSYN containing alpha-- 
synudein c-DNA. respectively. 
Figure -1 .Characteristics of a yeast-based a~synudein--opathy model m a HIS 
5 setting The deta ere depicted as scatter graph in which the X ana V- 

axes represent the normalised value? of each compound obtained 
from screen 1 and .7; respectively The arrow "synueieirV and ''vector 
refer to the normalised growth value of the negative control (vel-ue ~ 
i ) and posiiive control (value ~ 3 5). respectively 
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in the 

sequences. 
SEO ID Ho 1 
SEQ ID No 2 

.15 

GENERAL iv£. THO DO L OG1E 8 USED IN THIS ir^E^TiON 

Yeast madia and culture condJtfoos: Yeast cells were cultured at 30 s - C 
■n standard veast media as described eissv/hers nviethods -n n eesl Generics 

20 ctisd above K Synthetic complete (SC) medium supplemented vv'r-h adenine and 
ammo acids tx-t iaekino. uracil was used to select for the siphe-synuclein 
expression plesmids as described ;n fhss invention. Fo? rnetai ion lOKioity studies 
in liquid culiure 8 io 3? rnivi LnSOj (HERON, cat Ho. I 05$S3) or i lo <s mwi 
FeCL sSioiT-a-.'-jAncrv Cel. Ho. 20.7?>S) v.-sre a.ddvd to the m^um i-eC;?-- 

25 cov-i^sninp medium was- filtered prsor^o use. Growth tssis vvere sl-rivd »* a cefi 
denary c. on- spondee to an OD^.-o-s 0. I. Grcwih ?e^s wsre penormed it 3CTC 
in rnicroUtsr pieces in 150 pi -'olumss wish incuosuon Mm? - ^ oxlw-een 7-4 h and -> ! 3 
h. Toxse-ty studies on pistes were done bv spotting senal dilutions of liquid 
erccu + v. cs o^ sc. d rnraum containing ^ nV F*r-C> "oil-owed by a -;8h 
ihcuoaiion m 30 

* z ^:ees~>rs -e^sV^ets; e~*H cre^o vio hpe human elpha- 
&, !U~L,n iu:m a* ^<>„ cnee.W :vT - n^ ^GOF .-udsniuiions war? 



description ancl examples, reference is made fo the iohowmg 



forward primer aiphaSYN" -F 
reverse primer- aiphaSYNG-R 
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cur Sufiiivn expressed sn yeasi ceils using the moss phosphate isomerase 
K :i'',t) mrrotar and alcohol dehydrogenase lAQHf} terminator To th>? end a 
DMA f-agTcnt containing the ADH1 terminator was cloned in the Xho\ site of 
^X°i? P&D systems Europe Ltd., UK) resulting tn psasmid 21:?T 
^ubsequcdy, PGR fragments were generated encoding human alpha- 
syou<"fcn ana mutant derivatives vdtn primers; aiphaSYNi-F S'-GAT GAG AAT 
IOC GA r GGATGT ATT CAT GAA AGG ACT TTC-3 tSEQ ID HO. 1} and 
aiphaSYN2-R 5- GAT" CAA GAT CTCT CGA GTT AGG GTT GAG GTT CGT 
AGT GIT G~3* (SEQ ID NO. 2} using wild type aipha-synudeip. alpha- 
10 synudein{A53T) and alpha-synjjdein(A30P) oDNA as template These PGR 
fragments were subsequently cloned {NtvMHhoi) in vector 21 2T resulting -n 
ptasr^ds 212T-aSYNfWn, 21£T-aSYN(A53T? arid 212T»aSYN;A3QP). These 
alpha -synudein expression piasmlds were transformed to appropriate yeast 
strains. 

IS Yeast delation strains: A large nu;rsber' of yeast deletion mutants have 

bean described by G;eever ai (2002; Neiwe -n3. 3B7-39-) 2nd £ts 
commercially available, such as a mutant yea/, in which me complete ORF is 
missino used in the present examples. Alternatively, genomic deletions of 
specific genes can be made m suitable veer, sir; ins. such ?s. but not limited *o 

20 tha S cet&vis&e W3G3-1A strain jThomes and Rothstein (1989) C<?# 5$. 619- 
630;-, lha 8Y4741 strain ;8rechmann ei ai (198S) Veasr 1< It 5- "t 33) or the 
1 12730 suasn {Kron, (1937} Trends /WicrobiO; 1 450-454) Oy PGR product- 
dinetso' o~ne disrupiion cs osschosd previously P^rachmenn e< (1903; 
V~s ! i T I7"h Mir j>Uv Cine rips! k\:ki > n s J r ""< ~<*\»k~ r. i 

25 w-pl^ss (or ^'.'v„«rophu-. seiedibl?: ma?0rr« Deietfon^ can then os checked 

ivirnuai. 2 :v! edn. iSS?; Cold Spnng Harbor H.V- Gold Spring Ha.-dor 
Laboratory Press) or by PGR analysis 

Western analyses: Yeast call cultures were grown till an OD^ of 2-3. 
30 Cells were harvested by c^mmugatioa washed in sterile waier and the pollers 
were ^suspended m e*frsdion buffer containing 10 mM T'hr-HCi. pH B0< 
iSOmM HaGl. 0.05% Twsen 20, \Q% Glycerol. 5rns«i EPTa. -mm DTT «nd a 
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nxi^c x orotease inhibitors (Complete. Roche Molecular Broohemioais, 
Germany! and d;s?up\ed by vortexmg tor 5 mfnute? sn the presence of glass 
Dead? Tne resulting suspension was spun down ;n a microfuge si maximum 
speed and pari of the resulting supernatant was taken up in loading buffer 
5 fractionated by a 15% SOS - PAGE -J) and blotted onto PvDF membrane. 

immunodetection of proteins was carried out using mouse anti~eipha~ 
synucsein monoclonal antibody (Zyroed Laboratories inc USA) and donkey 
ants-mouse IgG polyclonal antibody conjugated vwth alkaline phosphatase 
(Rockland, USA) Proteins were visualised using NBT/8CIP ready~to-use 

10 tablets (Roche; according io the manufecturef s instructions 

Growth assay; Spotting experiments- yeast ceils were routinely grown 
overnight ar 30' 0 at room temperature m selective med-a uniii they reached the 
log or late leg phase Ceil density was delenmned using a spectrofotometer and 
cluitfaa to an ODrx- of 8. Ten-fold serial dilutions were spotted onto solid media 

15 and. incubated for 48 hours at 30*0. 

c -\psfLE t - E t-RESHIOs* OF GDC? & 'COCA'S HUiUk' 'ALPH «v 
SYNUCLEiN AND MUTANT DERIVATIVES THEREOF IN YEAST: 

f Oi KriOi \al > s^Y c e: st:>* * fla- nip ? fop -h„Fo « f 'uciar* 

20 To demonstrate- that the genes alpha -synuoiein aiph3-synuciein(A53T) 

fines aiohe--synuelesniA30P'! can be expressed in yeast Western analysts \vs& 
performed on yeast extracts of cells transformed with aiphe-synuoiein 
j\pi~Vi!or. vectors to Mro^l;:.r cotrssoend:ne p"o-cins for ck-P-Jsc 1 "- ~ r 

2S R??u|f,v ..'-'.s shown sn Fiourv \ =. ?uccsssful s\pr~ss;on of a]phe--svnucisin 

end its mutant derivatives was obteuv-d in ye.? -ft. The expression levels v^re 
found sirnii~f between ?h<s .rjphc-cynucissn cteri-'ati-'es, 

EXAMPLE 2 - EXPRESSION OF GENES ENCODING HUMAN ALPHA- 
30 SVNUetgSN AND MUTANT DERIVATIVES THEREOF IN YEAST INHIBITS 
GP.O^TH; IPOP OF. Hi "C-DSPSf 'OEfiT CYTOTOXICITY OF ALPKA- 
i li^XLEH*. 
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The influence of metal ions on the effect of alpha -synodal expression li- 
the cell was Investigated. To this end. the growth of yeas? ceils expressing 
gene? encoding aipha-synucis:n and mutant versions thereof m the presence of 
cmc ;ons a^d iron ion? in the growth medium was analysed, 
5 Results. Veast calls producing alpha-synuciem displayed a strongly 

r^6uoed growth on solid growth medium with 16 mM r.snc ions (Fig. 2A) This 
effect Is specifically elicited by aipha~sy nude; n since growth of Ihe control 
strains was found unaffected significantly by rnc Ions In addition growth on 
liquid media was tested (Fig 2B> Cells producing eiphs-synudein were growing 

10 slower or were even completely inhibited for growth in medium s^i-sppiemented 
with z;nc sons or Iron relative to the control strain which does noi expresses 
Siphs-synucieiri cDNA. Ceils producing alpha-synuele:n(A3DP) appeared to be 
slightly less sensitive for the presence of zinc sons in the medium. Apart trom 
that, no major differences are observed baiween strains producing wild type 

15 synuciein and the mutant derivatives. 

SYMUCtEIH IH A YEAST STRAIN DELETED FOR YCAli ALPHA- 
5 . »<JUC LB* I K * PERcEk'SfrWi U * « CU> C EL Li. 

20 To study the- effect of yeast easpese Yce I on aipha- synucieln properties 

;n yeast, the cere encoding eiphe-synooiein was expressed in yc<~J mutmib 
end proven on iron son-containing growth medium was determined (Fie 3). 

Result' yce't csNs producing elphs-synuci?;n Cyce:'iz$\W) grew 

-IT r~>i il*'.' Oil XJ^S^k 'i, I i.l tljitl ftrV 4 r>p r " - *C 

25 the corresponding wild type sireln producing £iphe-synuc;sln fwild t^ec 
(eS x ! r!}"> Also on medium coniainsng iron ions grovdh of vce'f -cells repressing 
eiph-synoelein <« more sirongly inhibit d ifttn iftz* of she corresponding v>'ild 
lype strain. "This Y'oa1 -dependent effect was found io require the presence of 
intracellular alpha-synuclein specifically, since yea? cells transformed with the 

30 control vector (>ea <(212T)'') displayed s similar growth rate o- even a slightly 
better grovdh rate men Jhe ccvYesponding wild type yeas? strains ("wild type 
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(217T)'}. Thus the absence of Ycal acm-'ity renders yeast cells hypersensitive 
for intracellular produced aipha-synuclein. 

EXAMPLE 4 - ASSESSMENT OF AM YEAST-BASED MODEL OF 
AMYLOIDOSES IN HIGH-THROUGHPUT SCREENS: Selection of 
compounds that suppress «-synucletn toxicity in yeast 

The usability of the disclosed yeasi model was examined in high- 
througnpuf screens To this end, 500 compounds wore tested «ncSvfduaiiy to 
address their capacity to modulate a~synuoiein toxicity in ycal yeast cells 
Yeast ceils were grown in 96~we(i microliter pistes and growth was monitored 
by measuring OD at GOOnm. The growth medium contained 2mlv1 FeCh The 
compounds were dissolved m DMSO and added to the growth medium at a final 
concentration of 1 ujig/mi Every microtiter plate contained positive and negative 
controls for calculating the Z -factor in order to assess the quality of the assay of 
each microtiter plate. Positive and negative growth controls were yea?' cells 
iransforrned with 2t2T(V; s ?nd 2C!'-?$Y^(WTi, respectively 500 compounds 
wore screened in duplicate (screen ■ and 2). The ODr,o; value? were norma-hssd 
to She negative cont-oi and thus represent the growth relative to ycel cells that 
produce n-synuciein. 

The essay wes done in duplicate end the effect of each compound on 
growth vvas determined oy measuring optical density at 600 nm (ODw) The 
OO^oo measurements were normalised and depseied as a scetter graph (F;p 4). 
Tiv: 7. '4.? dor flhsng s-f el noec;\ j SiOfnol Screen -;. 67 -7?) wss csiouia-tsd 
for esch microtis??- pla*e m ordsr to ootsin =n pLientbe^ ?core of the ^s;y 
quality. 

R ; isuiss The a>er?os T-fador of each pi^s wee found &t isrsi 0 70 or 
higher indicaiino the* ih» assay -s robusi mo reproducible and friers for* wery 
suitable tor h;-qh-thro»jQhput screening purposes. Consistently, testing 500 
compounds resulted In highly reproducible OQ^oj values for each compound 
(Fig 41 importantly, this assay allowed selection of compounds that Significantly 
end reproducibiv improved growth of the yeas* s*r?;n 
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CLAIMS 

1. An engineered yeast ceil, comprising a transgene encoding one or mare 
amyioidogenic proteins or mutant(s) thereof, wherein said yeast strain is 
characterized in that it iacks one or more functional genes responsive lo 
oxidative stress... 

2. The engineered yeast ceil according to cia;m n wherein the one or more 
arjwiosdogemc protein* or rrsutant(s) thereof are encoded by a rmnigena. 

3. The engineered yeast ceil according to claim 1. wherein said one or more 
functions' genes responsive to oxidative stress is a gene encoding a 
caspase, 

A. Trie engineered yeast ceil according to claim 3. wherein sad caspasa is 
yeast caspase \ ca i . 

o 'r:? cigiromd «.v<v\ u-i -iccoronc ic cacr ! rr w ereln &asd 
•sr\ So do€i~ok, p o\ i^fp -c- sy-n .^in 

6 Ik iN» >"i <e -rvnoe-wd 1 e:s* c<i ^orse ; f -\ o" i-<i f * ?o 5 Fee 
'iW?! ic a'TK-? uJescs 

Int js- rcccicn,' <a < i - *. -.ten * - \j A^s ^isc; ^sr.vnson ? 

o> \ -: jco a t-^ v~«f*\ c^M .u,c^r? to 3 o< zLiv,g i U> 5, for 
scfjen^ci ^nrii'r- cepebe c> eneai i5 c iK- txaiy c~ cnu'loidogsnie 
proteins in yeast 

c nesrx? w \.o ' r<f o ? c^roeux vhk~ n's^nca^ eifect of 

:■> i\ ^ kicgCi'i- .) -> ~i?> i ^ ?. sr:>soe c^n^n? n^ ^h- s 5 epe o p 



&} providing an engineered ysast strain, comprising a trsnsgene or a 
mmigens encoding or>o or more arnvloioogsrvc proteins or rnuiarii(s) tnereof. 
wh&r&ir; said yoasi ^traii = is characterised sn that it lacks one or more 
furcUoriai ganas sesponssve to oxidative stress. 

h) contacting the yeast strain obtained ;n step (a) y^.h said compound, and 
c} determininp the phsnofypie efiec* o? sad compound on sad yeast 

iGYT'^e metnod according iq claim 9 wherein step b) is performed in a medium 
comprising moral ions. 

11 The method according to claim 9 or 10. wherein said one or more functional 
genes responsive to oxidase stress response rs a gens encoding a 
caspase. 

i:j THe method according to dan* 11. wherein said caspase Is yeast feat 

13. The method according to any one of claims 9 so C wherein said 
amylo;dogansc prote>n ;s aipna-s-ynwosein 
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<210> I 

<212> 39 
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<213> Artificial sequence 
<:;:>(•> 

<22.?> forward primer iOpte-sywcleln 

<400> 1 

9-:iix;ix;aart cccatagafy i\rm;atoaa aygac^t r.c 39 

<210> 2 

<2 l l> 41 

<112> DNA 

<2X3> Artificial Sequence 
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